Chronic psychosocial stress is a risk factor for the development of affective as well as somatic disorders. However, vulnerability to adverse stress effects varies between individuals, with previous negative life events along with genetic predisposition playing a major role. In support, we previously showed that the consequences of chronic psychosocial stress induced by chronic subordinate colony housing (CSC, 19 days) can be amplified by pre-exposing mice to repeated maternal separation during early life. To test the significance of the genetic predisposition on the effects of CSC, mice selectively bred for high (mHAB) and low (mLAB) anxiety-related behavior and nonselected CD1 mice (mNAB) were exposed to CSC in the present study. In confirmation of our previous results, CSC mice of both mHAB and mNAB lines displayed chronic stress-related symptoms including increased adrenal weight, decreased adrenal in vitro ACTH sensitivity, lower plasma corticosterone to ACTH ratio, and increased interferon-␥ secretion from isolated mesenteric lymph node cells compared with single-housed controls of the respective line. However, the CSC-induced anxiogenic effect found in mNAB was not confirmed in mHAB mice, possibly due to a ceiling effect in these highly anxious mice. Interestingly, mHAB were not more vulnerable to CSC than mNAB mice, whereas mLAB mice were resilient to CSC as indicated by all of the above mentioned parameters assessed. Taken together, our findings indicate that the genetic predisposition, in this case the innate anxiety of an individual, affects vulnerability to chronic psychosocial stress, with a lowanxiety phenotype mediating resilience to both affective and somatic consequences of CSC. (Endocrinology 155: 117-126, 2014) C hronic stress, in particular chronic psychosocial stress, is a burden of modern society and as such an acknowledged risk factor for numerous affective and somatic disorders, including anxiety (for review see Refs. 1 and 2) and inflammatory bowel disease (3-7). However, the healthcompromising potential of chronic stress highly varies between individuals, with some being susceptible and others remaining resilient, a phenomenon described in both humans and rodents (8 -13). Although the underlying mechanisms are not fully understood, evidence supports the hypothesis that genetic predisposition (14) (for review see Ref. 15) together with adverse life experiences, either during early life (16 -18) or during adulthood (19), increase the vulnerability of individuals to stress-related pathophysiological and psychopathological conditions. In support, we previously showed in mice that the consequences of chronic subordinate colony housing (CSC) for 19 days, a preclinically validated chronic psychosocial stress paradigm for studying human affective and somatic disorders (20, 21), can be amplified by pre-exposing mice to repeated maternal separation during early life (16). The CSC paradigm combines chronic psychological and social aspects and, therefore, has been successfully used to mimic health-compromising psychosocial stressors faced by humans (for review see . For example, exposure to CSC was repeatedly shown to increase adrenal weight, to result in basal evening hypocorticism, to reduce adrenal in vitro corticosterone (CORT) responsiveness to ACTH,
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hronic stress, in particular chronic psychosocial stress, is a burden of modern society and as such an acknowledged risk factor for numerous affective and somatic disorders, including anxiety (for review see Refs. 1 and 2) and inflammatory bowel disease (3) (4) (5) (6) (7) . However, the healthcompromising potential of chronic stress highly varies between individuals, with some being susceptible and others remaining resilient, a phenomenon described in both humans and rodents (8 -13) . Although the underlying mechanisms are not fully understood, evidence supports the hypothesis that genetic predisposition (14) (for review see Ref. 15 ) together with adverse life experiences, either during early life (16 -18) or during adulthood (19) , increase the vulnerability of individuals to stress-related pathophysiological and psychopathological conditions. In support, we previously showed in mice that the consequences of chronic subordinate colony housing (CSC) for 19 days, a preclinically validated chronic psychosocial stress paradigm for studying human affective and somatic disorders (20, 21) , can be amplified by pre-exposing mice to repeated maternal separation during early life (16) . The CSC paradigm combines chronic psychological and social aspects and, therefore, has been successfully used to mimic health-compromising psychosocial stressors faced by humans (for review see Refs. [22] [23] [24] [25] . For example, exposure to CSC was repeatedly shown to increase adrenal weight, to result in basal evening hypocorticism, to reduce adrenal in vitro corticosterone (CORT) responsiveness to ACTH, to increase anxiety-related behavior, and to promote development of spontaneous colitis in C57BL/6 mice (20, 26 -28) . The aim of the present study was to assess whether the genetic predisposition for high vs low anxietyrelated behavior determines the vulnerability to CSC.
Therefore, we applied the CSC paradigm to mice bred for extremes in anxiety-related behavior (29) . By selective and bidirectional inbreeding of CD1 mice, independent mouse lines could be generated that show either high (mHAB) or low (mLAB) anxiety-related behavior on the elevated plus-maze (EPM), in the light-dark box (29) , and during elevated open-arm exposure (30) . The molecular mechanism underlying the hypoanxiety in mLAB mice seems to be ascribed to a single-nucleotide polymorphism in the gene coding for the anxiogenic neuropeptide arginine vasopressin, resulting in a deficit in its synthesis and processing (31) (for review see Ref. 32) . Differences between mLAB and mHAB were also found with respect to risk assessment during open-arm exposure (30) as well as during light-dark box testing (29) , which was higher in mLAB compared with mHAB mice. mLAB pups further showed less ultrasound vocalization compared with mHAB pups, confirming the reduced trait anxiety in mLAB mice (29) . Furthermore, tail-suspension and forced-swim testing also revealed differences between the mouse lines with mLAB mice displaying a more active coping style compared with mHAB mice. However, in terms of anxiety-related behavior, nonselected normal CD1 mice (mNAB) showed an intermediate behavioral phenotype whereas depression-like behavior of these mice was comparable to mHAB mice (29, 30) .
The inborn differences in anxiety-and depression-related behaviors have also been shown to translate into neuroendocrine differences resulting in an increased CORT response to acute restraint stress (15 minutes) in mLAB compared with mHAB mice, although basal CORT levels were similar in both groups (33) . However, because the CORT response to a synthetic fox fecal odor was comparable between both lines (34), the differences in acute stress responsiveness clearly seem to be stressor-dependent. In line, rats genetically predisposed to either high (rHAB) or low (rLAB) trait anxiety displayed line differences in hypothalamo-pituitary-adrenal axis responsiveness, dependent on whether the stressor was of a social (acute social defeat) or purely psychological (open-arm exposure) nature (35) (36) (37) (38) .
Despite our increasing knowledge about the pronounced differences in acute stress responsiveness in dependence on the genetically determined emotionality, the vulnerability of mHAB, mNAB, and mLAB mice to chronic psychosocial stress has not been revealed yet. Therefore, we aimed to characterize the consequences of CSC exposure with respect to somatic and affective pathologies comparing mHAB, mNAB, and mLAB mice. Given that chronic stressors have been repeatedly shown to increase state anxiety (10, 20, 26, 39, 40) , we hypothesize that the low innate anxiety phenotype of mLAB mice is stress-protective and, thus, makes mLAB mice less vulnerable or even resistant to the behavioral, physiological, neuroendocrine, and immunological consequences of CSC compared with mNAB mice. In addition, we predict that mHAB mice are more vulnerable to stress than mNAB mice. To test these hypotheses, male mHAB, mNAB, and mLAB mice were either exposed to 19 days of CSC or kept as single-housed controls (SHC) and were subsequently tested on the EPM for determination of breeding line-specific consequences on anxiety-related behavior. Moreover, CSC effects on physiological, neuroendocrine, and immunological parameters were determined under basal conditions the next day, including 1) body weight gain as well as adrenal and spleen weight, 2) plasma CORT and ACTH concentrations, 3) in vitro adrenal CORT secretion in response to ACTH, 4) interferon (IFN)-␥ secretion from isolated mesenteric lymph node cells (mesLNC) in response to anti-CD3 stimulation, and 5) the histological damage score of the colon.
Materials and Methods

Animals
Adult male CD1 mice selectively inbred for high (mHAB) and low (mLAB) anxiety-related behavior and nonselected normal CD1 mice (mNAB) (22-37 g body weight; bred at the Max Planck Institute of Psychiatry, Munich, Germany) were used as experimental mice. Importantly, differences in trait anxiety of these mice were not verified by testing those mice on the EPM before CSC exposure, as usually performed (34) . This is based on evidence showing that repeated EPM testing (all mice are tested on the EPM on day 19 of CSC) should be avoided as previous experience with this test can influence performance during retesting (41-43). As repeatedly described, the male offspring (weighing 30 -35 g) of mHAB female mice (bred at the Max Planck Institute of Psychiatry in Munich, Germany) and male C57BL/6 mice (Charles River Laboratories GmbH) were used as dominant animals (27, 44) . All mice were kept under standard laboratory conditions (12-hour light, 12-hour dark cycle, lights on at 6:00 AM, 22°C, and 60% humidity) and had free access to tap water and standard mouse diet. All experimental protocols were approved by the Committee on Animal Health and Care of the local government and conformed to international guidelines on the ethical use of animals. All efforts were made to minimize the number of animals used and their suffering.
Experimental procedure
Upon arrival at the University of Regensburg, all mHAB, mNAB, and mLAB mice were individually housed in standard polycarbonate mouse cages (16 ϫ 22 ϫ 14 cm) for at least 1 week. Afterwards, mice of each genotype were either exposed to 19 days of CSC or single-housed for control (SHC).
Data represent a pool of 2 independent experiments (with an ϳ1-year time interval in between), employing 4 to 5 SHC and 4 to 5 CSC mice per genotype and experiment each. On day 19 of CSC, all mice of experiments 1 and 2 (SHC, n ϭ 9 -10; CSC, n ϭ 7-9) were tested on the EPM between 8:00 and 11:00 AM to verify genotype-related and CSC-induced differences in anxiety-related behavior. Afterwards, CSC mice were put back in their respective CSC colony and SHC mice were kept singly. On day 20 of CSC, all mice were weighed (SHC, n ϭ 9 -10; CSC, n ϭ 7-9) and rapidly killed between 8:00 and 10:00 AM for analysis of genotype-specific CSC effects on physiological and immunological parameters. Trunk blood was collected in all mice of experiments 1 and 2 for quantification of plasma CORT (SHC, n ϭ 9 -10; CSC, n ϭ 7) and ACTH (SHC, n ϭ 9 -10; CSC, n ϭ 7-8) concentrations. Moreover, adrenal (experiments 1 and 2: SHC, n ϭ 9 -10; CSC, n ϭ 7-8) and spleen weight (experiment 2: SHC, n ϭ 4 -5; CSC, n ϭ 4), in vitro adrenal ACTH responsiveness (experiment 2: SHC, n ϭ 4 -5; CSC, n ϭ 4), IFN-␥ secretion from isolated and anti-CD3-stimulated mesLNC (experiments 1 and 2: all mice of one experiment per group were pooled), and the histological damage score of the colon (experiments 1 and 2: SHC, n ϭ 9 -10; CSC, n ϭ 7-9) were assessed in SHC and CSC mice.
Chronic subordinate colony housing
The CSC paradigm was conducted as described previously (20, 27) . Briefly, 1 week after arrival, experimental mice of each genotype were weighed and in a weight-matched manner assigned to the SHC or CSC group. Four CSC mice of the same genotype were housed together with a dominant male for 19 consecutive days. To avoid habituation, each dominant male was replaced by a novel dominant male on days 8 and 15. SHC mice remained undisturbed in their home cage except for change of bedding once a week.
Elevated plus-maze
To assess the genotype-specific effects of CSC on anxietyrelated behavior, SHC and CSC mHAB, mNAB, and mLAB mice were transported to the EPM room on day 18. The next day (day 19 of CSC exposure), all mice were tested on the EPM between 8:00 and 11:00 AM hours for 5 minutes as previously described (20) . A computer setup calculated the percentage of time spent on and the percentage of entries into the open arms of the EPM as well as the number of full open-arm entries. The number of closed-arm entries was taken as measurement of locomotion. Afterwards, CSC mice were put back in their respective CSC colony and SHC mice were kept singly.
Determination of body weight and adrenal and spleen weight
On day 20, mice were weighed immediately before decapitation to assess the genotype-specific effects of CSC on body weight gain. Afterwards, the spleen and left and right adrenal glands of each animal were removed, pruned of fat, and weighed separately. In addition, the sum of left and right absolute adrenal weights was calculated for each mouse (in milligrams). Until all mice were killed and adrenals removed, the latter were stored in ice-cold DMEM (DMEM/F-12, Life Technologies, Inc) containing 0.1% BSA.
Trunk blood sampling
To determine the genotype-specific effects of CSC exposure on plasma ACTH and CORT concentrations, mice were rapidly killed by decapitation under CO 2 anesthesia within 3 minutes after entering the animal room between 8:00 and 10:00 AM on day 20 and trunk blood was collected in EDTA-coated tubes (Sarstedt) on ice and centrifuged at 4°C (5000 rpm for 10 minutes). Plasma samples were stored at Ϫ20°C until assayed.
ELISA for ACTH and CORT
Plasma samples were analyzed using a commercially available ELISA for ACTH (analytical sensitivity 0.22 pg/mL, intra-assay and interassay coefficients of variation were Յ7.1%; IBL International) and CORT (analytical sensitivity was Ͻ0.564 ng/mL, and intra-assay and interassay coefficients of variation were Յ6.35%; IBL International), and the plasma CORT to ACTH ratio (ACTH and CORT concentrations were applied in nanograms per milliliter) was calculated for each animal.
ACTH stimulation of adrenal explants in vitro
ACTH stimulation was performed as described previously (27) to assess genotype-specific effects of CSC on adrenal ACTH responsiveness in vitro. Afterwards, supernatants were carefully removed and stored at Ϫ20°C until analyzed using a commercially available ELISA for CORT (IBL International). CORT concentrations were calculated in relation to the weight of the respective adrenal explants (ie, relative CORT secretion). To illustrate the in vitro adrenal CORT secretion in relation to the whole organism, relative CORT secretion from the left and right adrenal gland of each mouse was summed up.
Determination of the histological damage score of the colon
The colon was removed and mechanically cleaned to assess genotype-specific effects of CSC on the histological damage. Afterwards, 1 cm of the distal third was cut longitudinally, laid on a filter paper, and fixed in 10% formalin overnight. The next day, the fixed tissue was embedded in paraffin and cut longitudinally. Three 3-m hematoxylin-and eosin-stained sections taken at 100 m distance were evaluated by histological scoring performed by an investigator blinded to treatment. For statistics, each individual score represents the mean of the 3 sections. Histology was scored as reported previously (20, 45) .
Isolation and incubation of mesLNC
To determine genotype-specific effects of CSC on the IFN-␥ secretion of anti-CD3-stimulated mesLNC, mesenteric lymph nodes were pooled from all mice per experimental group per experiment, and mesLNC were isolated as described previously (16, 20) . Afterwards, cell number was assessed using a cell viability analyzer (Vi-Cell XR; Beckman Coulter). Then, 2 ϫ 10 5 (200 L) mesLNCs were transferred to 8 wells of a 96-well plate and stimulated by precoating wells with 2.5 g/mL anti-CD3 antibody. After incubation for 24 hours (37°C, 95% O 2 , and 5% CO 2 ), IFN-␥ levels were measured in the supernatants of 4 wells per experimental group by ELISA (Biolegend) and averaged per group. Individual values per treatment group for each of the 2 experiments and the respective mean are presented (see Figure 5 ).
Statistics
For statistical comparisons, the software package PASW statistics (version 19.0) was used. All parameters depending on 2 factors (CSC and genotype) were analyzed by using a two-way ANOVA, followed, when a significant main effect was found, by post hoc analysis using Bonferroni pairwise comparisons. In vitro adrenal CORT secretion was compared by three-way ANOVA (factors genotype, CSC, and ACTH), followed, when a significant main effect was found, by post hoc analysis using Bonferroni pairwise comparisons. Data represent the mean ϩ SEM. Significance was taken at P Ͻ .05. For determination of IFN-␥ secretion by mesLNCs, no SEM was calculated and no statistical analysis was performed, due to the low number of data pools (2 pools per treatment group).
Results
Anxiety-related behavior on the EPM
The percentage of time spent on the open arm of the EPM was found to be dependent on the interaction of factors genotype and CSC (F 2,46 ϭ 14.7; P Ͻ .001; Figure  1A ). Post hoc Bonferroni pairwise comparisons revealed an effect of CSC on anxiety-related behavior only in mNAB mice that spent significantly less time on the open arm compared with respective SHC mNAB mice (P Ͻ .001). In contrast, CSC exposure did not alter anxietyrelated behavior in the mHAB and mLAB groups. Linedependent differences in anxiety could be confirmed, as both SHC and CSC mice in the mLAB group spent more time on the open arm compared with respective mice in the mNAB and mHAB groups (P Ͻ .001), and SHC mNAB mice further spent more time on the open arm compared with the respective mice in the mHAB group (P Ͻ .001).
The percentage of entries into the open arm was found to be dependent on the interaction of factors genotype and CSC (F 2,46 ϭ 3.82; P ϭ .029; Figure 1B ). Post hoc Bonferroni pairwise comparisons revealed that CSC mice showed a decreased percentage of open-arm entries compared with SHC mice in the mNAB (P ϭ .045) but not in the mHAB and mLAB groups. Moreover, CSC mice in the mLAB group showed a higher percentage of open-arm entries compared with respective mice in the mHAB and mNAB groups (P Ͻ .001). Line-dependent differences were confirmed, as SHC mice of the mNAB and mLAB group showed a higher percentage of open-arm entries compared with respective mice in the mHAB group (P Ͻ .001).
Full open-arm entries were also found to be dependent on the interaction of factors genotype and CSC (F 2,46 ϭ 3.80; P ϭ .030; Figure 1C ). Post hoc Bonferroni pairwise comparisons revealed that CSC mice showed less full open-arm entries compared with SHC mice in the mNAB (P ϭ .004) but not in the mHAB and mLAB group. Again, line-dependent differences were confirmed, as both SHC and CSC mice in the mLAB group showed more full open-arm entries compared with respective mice in the mNAB (SHC, P ϭ .010; CSC, P Ͻ .001) and mHAB (P Ͻ .001) groups, and SHC mNAB mice showed a higher number of full open-arm entries compared with SHC mHAB mice (P ϭ .002).
The number of entries into the closed arms, indicative of locomotor activity, was not affected by CSC exposure ( Figure 1D ). However, a genotype effect (F 2,46 ϭ 5.45; P ϭ .007) was found, with SHC mice of the mLAB group showing fewer closed- 
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arm entries compared with respective mice of the mHAB group (P ϭ .002).
Body weight gain
The body weight gain during CSC was also dependent on the interaction of factors genotype and CSC (F 2,46 ϭ 4.25; P ϭ .020; Figure 2A ). Post hoc Bonferroni pairwise comparisons revealed that CSC mLAB mice gained more body weight compared with respective SHC mice (P ϭ .005) as well as compared with CSC mice in the mHAB (P ϭ .006) and mNAB (P ϭ .034) groups.
Absolute adrenal weight
Two-way ANOVA revealed that absolute adrenal weight was dependent on factor CSC (F 1,45 ϭ 9.27; P ϭ .004) and on factor genotype (F 2,45 ϭ 37.0; P Ͻ .001; Figure 2B ). Post hoc Bonferroni pairwise comparisons indicated that CSC caused an increase in absolute adrenal weight in the mNAB (P ϭ .043) and mHAB (P ϭ .007) group when compared with respective SHC mice. With respect to line difference, adrenal weight of both SHC and CSC mNAB mice was higher compared with respective mHAB (SHC and CSC, P Ͻ .001) and mLAB (SHC, P ϭ .005; CSC, P Ͻ .001) mice, and adrenal weight of mLAB SHC mice was increased compared with respective mHAB mice (P ϭ .008).
Absolute spleen weight
Absolute spleen weight was found to be dependent on the interaction of factors CSC and genotype (F 2,20 ϭ 3.67; P ϭ .044; Figure 2C ). Post hoc Bonferroni pairwise comparisons revealed that CSC significantly (mNAB, P Ͻ .001) or by trend (mHAB, P ϭ .059) increased absolute spleen weight in the mNAB and mHAB, but not in mLAB, groups when compared with respective SHC mice. Moreover, absolute spleen weight in SHC mLAB was higher than in respective mHAB and mNAB (P Ͻ .001), as was spleen weight in CSC mLAB compared with CSC mHAB mice (P ϭ .011) and, by trend, with CSC mNAB mice (P ϭ .051).
Plasma ACTH concentrations
Basal plasma ACTH concentrations were dependent only on factor CSC (F 1,45 ϭ 8.57; P ϭ .005; Figure 3A ). Post hoc Bonferroni pairwise comparisons revealed that CSC mHAB mice showed increased plasma ACTH con- Figure 2 . Genotype-specific effects of CSC exposure on body weight gain and adrenal and spleen weight. Before being killed by decapitation on day 20 of CSC between 8:00 and 10:00 AM, body weight was assessed in SHC (n ϭ 9 -10) and CSC (n ϭ 7-9) mice and body weight gain between day 1 and 20 was calculated (A). Afterwards, left and right adrenal glands were removed, pruned of fat, and weighed separately. Depicted is the absolute weight of the left and right adrenal glands (sum of both) of SHC (n ϭ 9 -10) and CSC (n ϭ 7-8) mice (B). Spleens of SHC (n ϭ 4 -5) and CSC (n ϭ 4) mice were also removed, pruned of fat, and weighed (C). Symbols indicating significant differences are shown only for differences between SHC and CSC. Gray bars represent SHC, and black bars represent CSC. Data represent the mean ϩ SEM. *, P Ͻ .05; **, P Ͻ .01; ***, P Ͻ .001 vs respective SHC mice; (*), a trend vs respective SHC mice. Genotype-specific effects of CSC exposure on basal morning plasma ACTH and CORT concentrations in trunk blood. After decapitation on day 20 of CSC between 8:00 and 10:00 AM, basal morning plasma ACTH (A) and plasma CORT (B) concentrations were determined in trunk blood of SHC (n ϭ 9 -10) and CSC (n ϭ 7-8) mice in the mHAB, mNAB, and mLAB groups. Moreover, the plasma CORT to ACTH ratio was calculated for each mouse and averaged per treatment group (SHC: n ϭ 9 -10; CSC: n ϭ 6 -7) (C). Symbols indicating significant differences are shown only for differences between SHC and CSC. Gray bars represent SHC, and black bars represent CSC. Data represent the mean ϩ SEM. *, P Ͻ .05; **, P Ͻ .01 vs respective SHC mice; (*), a trend vs respective SHC mice. 
Plasma CORT concentrations
Plasma morning CORT concentrations were dependent on the interaction of factors genotype and CSC (F 2,43 ϭ 6.04; P ϭ .005; Figure 3B ). Post hoc Bonferroni pairwise comparisons revealed that CSC reduced plasma CORT concentrations only in mNAB mice (P ϭ .001 vs SHC), but not in the mHAB and mLAB groups. Moreover, plasma CORT concentrations of SHC mNAB mice were higher compared with those of SHC mice in the mHAB and mLAB (P ϭ .001) groups, but no difference was found between SHC mHAB and mLAB mice.
Plasma CORT to ACTH ratio
Statistical analysis revealed that the plasma CORT to ACTH ratio was dependent only on factor CSC (F 1,42 ϭ 9.53; P ϭ .004; Figure 3C ). Post hoc Bonferroni pairwise comparisons indicated that CSC compared with SHC mice showed a significantly (mNAB, P ϭ .027) or by trend (mHAB, P ϭ .061) reduced plasma CORT to ACTH ratio in the mHAB and mNAB groups.
Adrenal in vitro ACTH responsiveness
In vitro CORT secretion during the stimulation of adrenal explants with ACTH (100 nM) was dependent on the interaction of factors genotype and ACTH (F 2,40 ϭ 16.3; P Ͻ .001; Figure 4 ). Post hoc Bonferroni pairwise comparisons revealed that in response to ACTH, an increase in CORT release was found in SHC mice of all 3 genotypes (mNAB, P ϭ .001; mHAB, P ϭ .028; mLAB, P Ͻ .001) when compared with respective basal conditions. In contrast, ACTH-induced increase in CORT secretion in CSC mice was seen only in the mLAB (P Ͻ .001 vs basal), but not in the mHAB and mNAB, group. Moreover, ACTH-stimulated CORT secretion was higher in both SHC and CSC mice of the mLAB group compared with respective mice of both the mHAB (SHC and CSC, P Ͻ .001) and mNAB (SHC, P ϭ .046; CSC, P Ͻ .001) group.
IFN-␥ secretion from isolated and anti-CD3-stimulated mesLNC
To determine genotype-specific effects of CSC on the IFN-␥ secretion from anti-CD3-stimulated mesLNC, mesenteric lymph nodes from 4 to 5 mice of each treatment group per experiment were pooled before isolating mesLNC. IFN-␥ concentrations of each single pool (in total 2 pools per treatment group, as the experiment has been repeated; see Materials and Methods) as well as the respective mean (both in picograms per milliliter) are depicted in Figure 5A . Although proper statistical analysis has not been performed because of the low number of pools per treatment group (n ϭ 2), our data indicate that CSC caused an increase in IFN-␥ secretion from isolated and anti-CD3-stimulated mesLNCs compared with SHC mice in the mHAB (SHC, 80 Ϯ 20 pg/mL; CSC, 2071 Ϯ 1375 pg/mL) and mNAB (SHC, 178 Ϯ 31 pg/mL; CSC, Genotype-specific effects of CSC exposure on the anti-CD3-stimulated IFN-␥ secretion from isolated mesLNCs and on the histological damage score. In each experiment (experiments 1 and 2), mice were decapitated on day 20 of CSC between 8:00 and 10:00 AM. Afterwards, mesLNCs were isolated and pooled per treatment group (one pool per experiment) for assessment of anti-CD3-induced IFN-␥ secretion. The respective means per treatment group are shown by bars; triangles (SHC) and circles (CSC) represent single pools of each experiment (A). Furthermore, the colon of each SHC (n ϭ 9 -0) and CSC (n ϭ 7-9) mouse of experiments 1 and 2 was removed, mechanically cleaned, rinsed, embedded in paraffin, and cut into 3-m sections on a microtome. Afterwards, all sections were stained with hematoxylin and eosin, and histological scoring was performed (B). Gray bars represent SHC, and black bars represent CSC. Data represent the mean ϩ SEM.
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743 Ϯ 164 pg/mL), but not the mLAB (SHC, 96 Ϯ 22 pg/mL; CSC, 122 Ϯ 5 pg/mL), group.
Histological damage score of the colon
The histological damage score was not affected by CSC or by genotype ( Figure 5B ).
Discussion
The findings of the present study are in line with our hypothesis, indicating that the innate, and genetically determined, anxiety phenotype of an animal influences its vulnerability to the consequences of chronic psychosocial stress. Although mHAB and mNAB mice were equally vulnerable to the CSC-induced behavioral, physiological, neuroendocrine, and immunological effects, mLAB mice were found to be stress-resilient. The latter was indicated by the fact that all stress-related parameters including anxiety-related behavior were comparable between CSC and SHC mice in the mLAB group. In contrast, in both mHAB and mNAB genotypes, CSC resulted in an increased adrenal weight, a reduced adrenal in vitro ACTH responsiveness substantiated by a lower plasma CORT to ACTH ratio, and an enhanced proinflammatory cytokine secretion from mesLNC compared with respective SHC mice, as shown before in nonselected male C57BL/6 mice (20, 27, 28) . However, the CSC-induced increase in anxiety described previously in C57BL/6 mice (20, 26) was detectable only in the mNAB group, probably due to a ceiling effect in the anxious mHAB line.
The anxiety-related behavior of SHC mice on the EPM confirmed the breeding line-specific differences in innate anxiety between mHAB, mNAB, and mLAB mice. In agreement with the literature (29, 30) , SHC mHAB mice displayed an increased anxiety phenotype compared with respective mLAB mice, whereas mNAB SHC mice showed an intermediate phenotype. Supporting our previous findings in C57BL/6 mice (20, 26, 27, 46) , CSC exposure increased anxiety-related behavior in the mNAB group. In contrast, CSC did not affect anxiety-related behavior in either the mLAB or mHAB groups. In the latter, the lack of any detectable anxiogenic CSC effect can probably be explained by a ceiling effect in this very anxious mouse line, because mHAB SHC spent only 6% time on the open arm. However, the lack of an anxiogenic effect of CSC in the mLAB group likely indicates resilience toward the negative affective consequences of CSC in this low-anxiety phenotype. This is supported by the fact that CSC also did not affect any other stress-related parameter in the mLAB group and by the finding that a genetically determined low-anxiety phenotype in general is not resistant to any kind of manipulation. For instance, local application of the anxiogenic neuropeptide arginine vasopressin was able to increase anxiety-related behavior in rLAB rats (47) . The number of closed-arm entries, reflecting locomotor activity, was not altered by CSC in any genotype, whereby, in agreement with another study (29) , mLAB SHC mice generally moved less than respective mHAB mice. This might probably be due to the high percentage of time (Ͼ50%) mLAB mice spent on the open arm and, therefore, supports the hypothesis that closed-arm entries do not simply reflect locomotion but are also affected by the anxiety level of an organism (for review see Ref. 48) .
Regarding physiological parameters, CSC did not affect the body weight gain in the mHAB or mNAB group, but increased it in the mLAB group. At first glance, this appears to be in contrast to former studies in C57BL/6 mice revealing a decreased body weight gain after CSC (16, 20) . However, a more recent CSC study with a larger number of animals (26), as well as studies employing other chronic stress paradigms (13, 49) (for review see Ref. 50) , indicate that a reduction in body weight gain is not a reliable indicator for chronic stress. Having said that, the CSC effect on body weight gain was comparable between the mHAB and mNAB group, and different in the mLAB group, which may again support the idea of stress resilience in mLAB mice.
In accordance with the concept of chronic stressor exposure in general (39, 51) , and the CSC paradigm in particular (20, 27, 44) , CSC exposure resulted in an increased adrenal weight in the mNAB and mHAB groups. This finding confirms both the reliability of CSC as a chronic psychosocial stress model and adrenal weight assessment as a reliable chronic stress parameter. Given that adrenal weight was increased only in mNAB and mHAB mice exposed to CSC compared with respective SHC mice further suggests that mLAB mice are resilient to the effects of CSC exposure. In line with other studies employing chronic psychosocial stress, ie the social disruption stress paradigm in male mice (C57BL/6 and BALB/c) (52, 53) , CSC in the present study significantly (mNAB), or at least by trend (mHAB), increased spleen weight. Again, no such effect was observed in the stress-resilient mLAB group. Even though no comparable data from C57BL/6 are available, according to the studies mentioned above, one can assume that CSC-induced splenomegaly is not mouse linespecific but rather reflects a general consequence of CSC.
Concerning neuroendocrine parameters, plasma morning CORT concentrations were not altered by CSC in the mHAB and mLAB groups, but were found to be reduced in the mNAB group. This is in contrast to our previous findings in C57BL/6 mice, in which CSC did not affect low basal morning plasma CORT concentrations but induced doi: 10.1210/en.2013-1742 endo.endojournals.orgevening hypocorticism by preventing the diurnal rise in plasma CORT in the active phase (20, 27) . In this context, it is of interest to note that CSC exposure was able to induce basal morning hypocorticism only in C57BL/6 mice that were exposed to maternal separation before CSC (16) . Thus, it seems that, in comparison with C57BL/6 mice, the hypothalamo-pituitary-adrenal axis functionality of CD1 mice is generally more vulnerable to CSC. This is further supported by our data from the adrenal in vitro stimulation. Although CSC only partially attenuated the adrenal CORT response to ACTH (100 nM) in C57BL/6 mice (20, 27) , in the present study, ACTH-stimulated CORT secretion was completely prevented by CSC in mNAB and mHAB mice. Together, and in line with previous results in C57BL/6 mice (20, 27) , lower basal plasma CORT despite comparable plasma ACTH concentrations and increased adrenal weight, together with a decreased adrenal in vitro CORT secretion in response to ACTH, in CSC vs SHC mNAB mice indicates a CSC-induced reduction of adrenal ACTH responsiveness. Moreover, in CSC vs SHC mHAB mice, adrenal in vitro ACTH responsiveness was reduced, and the increased plasma morning ACTH concentrations and adrenal weight were not paralleled by an increase in plasma CORT concentrations. Interestingly, and in support of our findings of stress resilience, mLAB mice did not show this CSC-induced adrenal changes.
In terms of line differences, it can be stated that SHC mNAB mice had significantly higher plasma morning CORT concentrations than respective mHAB and mLAB mice, probably due to the higher adrenal weight detected in this group. Importantly, similar basal plasma CORT concentrations in SHC mHAB and mLAB mice are in accordance with previous studies carried out in these breeding lines (mNAB mice were not included in this study) (33) and, thus, support the reliability of the effects detected in the present study. The similar basal in vitro adrenal CORT secretion in SHC mice of all 3 lines is, however, not in contrast to the increased basal plasma CORT concentration found in SHC mNAB mice, because in vitro data are expressed per milligram of adrenal tissue and adrenals of SHC mNAB were significantly larger compared with respective mHAB and mLAB mice. Moreover, although similar basal plasma CORT to ACTH ratios in SHC of all lines appear to argue against the increased adrenal in vitro ACTH responsiveness detected in SHC mLAB mice, the latter is well in line with findings showing an elevated CORT response to acute restraint stress (15 minutes) in mLAB compared with mHAB mice (33) . Thus, we would argue that acute stressor-induced, instead of basal plasma CORT to ACTH ratio, is a more reliable measure to predict the in vitro results obtained by 100 nM ACTH stimulation.
In addition to an increase in anxiety-related behavior, representing a psychopathological consequence, CSC has been repeatedly shown to promote the development of somatic disorders such as spontaneous colitis (20, 28) (for review see Ref. 54 ). However, an increased IFN-␥ secretion from isolated and anti-CD3-stimulated mesLNCs after CSC, indicating development of a mild colonic inflammation, was detectable only in the mHAB and mNAB group. This, again, highlights the fact that male mice from the mLAB genotype seem to be resilient to both maladaptive affective and somatic consequences of chronic psychosocial stressor exposure. Interestingly, increased proinflammatory cytokine secretion in CSC vs SHC of the mHAB and mNAB genotype was not accompanied by histological damage in the colon as has been repeatedly shown in C57BL/6 mice after CSC (20, 28) . Therefore, one possibility is that CD1 mice are less vulnerable for CSCinduced immunological consequences. Because changes in immune competence, epithelial barrier function, and bacterial translocation during the initial phase of CSC exposure have been shown to play a crucial role in spontaneous colitis development in C57BL/6 mice (28), more studies are required to unravel possible differences between CD1 and C57BL/6 mice exposed to CSC.
Taken together, the results of the present study confirm our hypothesis that the individual genetic predisposition has a strong impact on the vulnerability to chronic psychosocial stressor exposure.
As predicted, a low-anxiety phenotype thereby seems to be protective against chronic stress-induced somatic and affective maladaptations. Therefore, the combined use of mice with extreme levels of innate anxiety and the CSC paradigm provides a powerful tool to unravel the molecular mechanism underlying gene-environment interactions in general and stress resilience in particular. The finding that mHAB mice were not more vulnerable to chronic stressor exposure than mNAB mice was against our prediction and suggests a kind of ceiling effect. Thus, further studies are needed in this context employing perhaps milder chronic psychosocial stress paradigms.
